We present the model-independent studies of non attractor inflation in the context of effective field theory (EFT) of inflation. Within the EFT approach two independent branches of non-attractor inflation solutions are discovered in which a near scale-invariant curvature perturbation power spectrum is generated from the interplay between the variation of sound speed and the second slow roll parameter η. The first branch captures and extends the previously studied models of non-attractor inflation in which the curvature perturbation is not frozen on super-horizon scales and the single field non-Gaussianity consistency condition is violated. We present the general expression for the amplitude of local-type non-Gaussianity in this branch. The second branch is new in which the curvature perturbation is frozen on super-horizon scales and the single field non-Gaussianity consistency condition does hold in the squeezed limit. Depending on the model parameters, the shape of bispectrum in this branch changes from an equilateral configuration to a folded configuration while the amplitude of non-Gaussianity is less than unity.
Introduction
The basic predictions of models of inflation are well consistent with cosmological observations [1, 2] . The large scale curvature perturbations generated from quantum fluctuations during inflation are nearly scale-invariant, nearly adiabatic and nearly Gaussian as verified very accurately in recent cosmological observations. Despite the immense success of inflation as the leading paradigm for early universe and structure formation there is no unique theory of inflation. There are many models of inflation consistent with data. The simplest models of inflation are based on the dynamics of a scalar field rolling slowly over a near flat potential. Even in the context of single field inflationary models, there are numerous scenarios of inflation. Therefore, it is an important question how far one can capture the most robust predictions of models of inflation without relying on particular realization of inflation.
Effective Field Theory (EFT) of inflation [3] has provided a good answer to this question. In EFT language, all interactions compatible with the underlying symmetries are allowed. Then different models of inflation are realized depending on how one turn on particular interactions in the effective action governing the dynamics of the light field. So far the best studied set up of EFT of inflation is the single field models of inflation in which only one field is responsible for generating the curvature perturbations. However, the picture of EFT of inflation can be extended to more complicated setups such as multiple field scenarios [4] .
One interesting applications of EFT of inflation is its ability to classify different models of inflation based on their predictions for non-Gaussianity. Although there is no detection of nonGaussianity from the Planck data [5] , but non-Gaussianity continues to play important roles in constraining models of inflation at an age of precision cosmology [6, 7, 8, 9] . In particular, it is known that models of single field slow-roll inflation follow the Maldacena's consistency condition [10, 11] in which the amplitude of non-Gaussianity f N L in the squeezed limit is related to the spectral index of curvature perturbation power spectrum n s via f sq N L ∼ n s − 1.
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This has led to the conclusion that a detection of local type non-Gaussianity at the order f N L = O(1) will rule out all single field models of inflation. However, it was shown in [13] that this general statement does not hold in models of non-attractor inflation in which the slow-roll parameter ǫ ≡ −Ḣ H 2 , measuring the variation of the Hubble parameter H, falls off exponentially during inflation. As a result, the would-be decaying mode of the curvature perturbations actually grows during the non-attractor phase and the curvature perturbations R is not frozen on super-horizon scales. Therefore, the single field non-Gaussianity consistency condition is violated and f N L ≥ O(1) can be generated during the non-attractor phase [13, 14, 15] .
So far there are few known examples of non-attractor scenarios. The simplest model is presented in [13] , see also [16, 17] , in which the scalar field is rolling in a constant potential 1 It is worth mentioning that, as argued in [12] , the freely falling observers in Fermi normal coordinates can not observe this small amount of non-Gaussianity as bispectrum in these sets of coordinates is cancelled up to corrections of O(k with sound speed c s = 1. A different model of non-attractor inflation was presented in [14, 15] in the context of P (X, φ) setup of K-inflation [18, 19] , see also [20] , with a constant sound speed c s . With the motivation of EFT of inflation, it is a natural question to ask what are the generic predictions of non-attractor models of inflation without relying on a particular realization of non-attractor scenario? The goal of this paper is to address this question. As we shall see, the non-attractor scenarios can easily be embedded within the general context of EFT of inflation. Equipped with the power of EFT of inflation, we present the general predictions of the non-attractor scenarios for the spectral index and the shapes of non-Gaussianities. We demonstrate that there are two independent branches of non-attractor models which can generate a nearly scale-invariant power spectrum. In one branch we capture and extend the previous results obtained in [13, 14, 15] . Very interestingly, the other branch of non-attractor scenarios is new which escaped the previous model-dependent studies.
The non-attractor inflation in EFT setup
In this section we present our setup of non-attractor inflation in the context of EFT of inflation. Let us first review the EFT of inflation very briefly. An extensive discussion can be found in [3] . In what follows, we use the conventions and the methods employed in [21] .
In a quasi-de-Sitter background with a time-dependent scalar field φ(t), the four-dimensional diffeomorphsim invariance is spontaneously broken to a three-dimensional spatial diffeomorphsim invariance determined by φ(t) = constant. In the so-called unitary (comoving) gauge, one is allowed to write down all terms in the action which is consistent with the three-dimensional diffeomorphsim invariance while yielding the known background for the Hubble expansion rate H(t) and its derivativeḢ(t). Alternatively, one can change this picture by restoring the explicit full four-dimensional diffeomorphsim invariance by introducing a scalar field fluctuations, π(x µ ), the Goldstone boson associated with the breaking of the time diffeomorphsim invariance.
In the presence of the perturbations, the metric is given by
in which N(x µ ) and N i (x µ ) respectively represent the lapse and the shift functions andĝ ij represents the spatial metric.
The full action, after restoring the four-dimensional diffeomorphsim invariance by the introduction of the Goldstone boson π(x µ ), is S total = S matter + S EH in which the matter part of the action is [21] 
In this picture the first two lines of Eq. (2) are fixed by the given form of the FRW background while the term containing M(t + π) in the third line controls the sound speed of scalar perturbations, c s [3] . More specifically, the relation between M(t) and c s is given by
Note that both operators in the third and fourth lines of Eq. (2) containing M(t+π) originates from the term g 00 + 1 in the unitary gauge (comoving gauge) and c 3 (t + π) is an undetermined coupling. As understood from the logics of EFT, there are many terms which are not written in the above action as they are not important in our limit of interest, the decoupling limit, in which the gravitational back-reactions are discarded and when we are well below the strong coupling limit.
In addition, the gravitational part of the action from the Einstein Hilbert term is
in which M P is the reduced Planck mass, E ij is related to the extrinsic curvature K ij associated with the three-dimensional hypersurface φ(t) = constant via E ij = NK ij and R (3) represents the three-dimensional Ricci scalar associated with the metricĝ ij .
As discussed in [3] the great advantage of EFT of inflation is in the decoupling limit in which one can safely neglect the gravitational back-reactions so the observational predictions such as the tilt of scalar perturbation or the non-Gaussianity parameter f N L are determined to leading order by the matter fluctuations. Technically, this corresponds to setting N = 1 and N i = 0 in the action and neglecting the perturbations from the gravitational action Eq. (4) compared to perturbations from the matter action. Having this said, in the appendix we integrate out the non-dynamical variables N and N i and demonstrate the validity of the decoupling limit for our analysis.
After presenting the setup of EFT, here we present our definition of non-attractor scenarios. For this purpose, it is convenient to define the "slow-roll" parameters associated with the variations of H(t) via
Our general definition of the non-attractor scenarios is that during non-attractor phase the slow-roll parameter ǫ falls off exponentially such that the background becomes more and more like a dS background as inflation proceeds. Consequently, the second slow-roll parameter η is not small. Indeed, we expect η ∼ O(−1) during the non-attractor phase. Not that the requirement that ǫ falls off implies that η < 0. The exact value of η is determined from n s . For example, in non-attractor models studied in [13, 14, 15] in which the sound speed is constant, n s is given by n s −1 = 6+η so requiring a near scale-invariant power spectrum to be consistent with observations implies η ≃ −6. In these models, with η ≃ −6, we find that ǫ falls off like 1/a(t) 6 . As we shall see, during this non-attractor phase the curvature perturbation R is not frozen on super-horizon scales and it grows like a(t) 3 . This is the main reason why the celebrated Maldacena's consistency condition is violated in non-attractor model. We stress that the non-attractor phase can not extend for a long period, as ǫ becomes very small while R grows exponentially and the system becomes non-perturbative. In order to prevent this to happen, the non-attractor phase has to be followed by an attractor phase in which ǫ becomes nearly time-independent and R saturates on super-horizon scales.
Motivated with the generality of EFT, here we extend the non-attractor models to case in which the sound speed and the operator c 3 (t) can also vary during the non-attractor phase. For this purpose, let us define the slow-roll parameters in the matter sector via
In principle the parameters s or δ 3 can take arbitrary values as long the power spectrum becomes nearly scale-invariant. With these discussions one may ask what conditions should be imposed on the variations of the secondary slow-roll parameters η, s and δ 3 . We take the simple assumption that these secondary slow-roll parameters are nearly constant andη ∼ṡ ∼δ 3 ∼ O(ǫ). Of course, this may not be the case in general and these secondary slow-roll parameters may have rapid variations like ǫ, c s or c 3 , but as we shall see, even the simple assumptions of allowing |η|, |s|, |δ 3 | ∼ O(1) while neglecting their evolution describes large enough class of non-attractor models.
This discussion summarizes our definition of non-attractor phase without relying on any particular model. Our goal is to understand the properties of non-attractor models in a model-independent way using the effective field theory (EFT) method of inflation [3] . As we shall see our model-independent analysis reproduces the results obtained in [13, 14, 15] in particular limits. Now the question arises how the non-attractor models can be embedded in EFT approach of inflation. Interestingly, this is vary simple. During the non-attractor phase ǫ falls off rapidly so the the main places where the effects of non-attractor phase enter are the first two lines of action (2) containingḢ(t + π) and H 2 (t + π). Therefore, we need to expandḢ(t + π) and H 2 (t + π) to first order of ǫ. Note that the presence of η ≃ O(−1) will play a crucial role here. We haveḦ
and
Note that in the last relation we have neglected the evolution of η becauseη ηH = O(ǫ) as assumed above. Also,
Combining these expansions for
dt 2Ḧ to leading order for H 2 (t + π) we obtain
Similarly, forḢ(t + π) to leading order we obtaiṅ
We stress that in obtaining the above expansions, we have kept terms leading in ǫ because ǫ falls off rapidly during the non-attractor phase. In addition we have neglected the variations of η as we assumed thatη ∼ O(ǫ). In addition to contributions from H 2 (t + π) andḢ(t + π) from the background dynamics, we also have the contributions from the rapid variations of the sound speed c s (t + π) and the coupling c 3 (t+π). These contributions should also be included in quadratic and cubic actions. As we discussed before, the operator M(t) controls the sound speed of scalar fluctuations as given in Eq. (3). As a result
Similarly, for the operator c 3 (t) we have
Equipped with the expansion of the background parameters H(t + π) andḢ(t + π) as given in Eqs. (10) and (11) and the matter sector parameters Eqs. (12) and (13) we can obtain the quadratic and cubic action for π in the matter sector along with the action from the gravitational sector from Eq. (4). As we mentioned before, the advantage of EFT of inflation is in decoupling limit in which one can neglects the gravitational back-reactions. This is even more justified in the nonattractor regime in which ǫ falls off rapidly and the errors in neglecting the gravitational back-reactions which are controlled by higher powers of ǫ are quite negligible. As we see from the detail analysis in the Appendix, we can safely go to decoupling limit in which we can ignore the contribution from Eq. (4) and set N = 1, N i = 0 in the matter sector. In this limit, the quadratic and the cubic actions generated from Eq. (2) respectively are
The above actions are written in terms of π. However, we are interested in power spectrum and bispectrum of comoving curvature perturbation R. The relation between π and R, to quadratic order which is necessary for the bispectrum analysis, have been worked out in [10, 21] yielding
We have specifically checked that the above relation does hold for the non-attractor setups too. Finally, to calculate the quadratic and cubic actions and the follow up in-in analysis we need to know the functional form of the quantities ǫ(t), c s (t) and c 3 (t). Using the definition of η, s and δ 3 given in Eqs. (5) and (6), and employing the assumption that η, s and δ 3 do not vary during the non-attractor phase we have
in which τ is the conformal time related to cosmic time via dτ = dt/a(t) and τ e represents the time of end of non-attractor phase. Finally, the scale factor in terms of conformal time is
given by a = a e τ τe −1
. As we shall see, a combination of η and s determine the tilt of curvature perturbation power spectrum. Therefore, neither η nor s is fixed individually. Having this said, we can derive an upper bound on the value of s as follows. The universal definition of inflation is thatä > 0 so during this phase the comoving Hubble radius 1/aH falls off rapidly. However, in the inflationary model with a non-trivial sound speed, we encounter the "sound horizon" associated with the scalar perturbations. Correspondingly, the comoving sound horizon is given by c s /aH. In order for the perturbation with the comoving wave number k to be sub-horizon during early stage of inflation and then to leave the comoving sound horizon during the subsequent stage of inflation, we require that the comoving sound horizon to be a decaying function during inflation. Using Eq. (17), the condition for the comoving sound horizon c s /aH to be a decaying function as inflation proceeds is s < 1 which will be imposed in our analysis below.
Power spectrum
In this section we study the predictions for curvature perturbations power spectrum. To leading order R = −Hπ and the quadratic action for curvature perturbations power spectrum is
in which a prime indicates the derivative with respect to conformal time, ∂ i R represents the spatial derivative of R and the parameter z is defined via
Interestingly the action (18) coincides with action obtained in particular P (X, φ) model of non-attractor inflation studied in [14, 15] . In the decoupling limit in which we neglect the gravitational action (4) and, as long as we neglect the variation of η, the second order action for all non-attractor scenarios is uniquely given by Eq. (18) . The only relevant parameter is the sound speed of perturbations c s (t), which is determined by the operator M 4 (t) given in Eq. (12) .
To quantize the system and to calculate the power spectrum, it is conventional to define the canonically normalized field v related to R via v = z R. After some integrating by parts, the action for the canonically normalized field v is given by
in which the quantity
represents the effective time-dependent mass of the canonically normalized field. More specifically, to leading order of ǫ we have
The equation of motion for the canonically normalized field in the Fourier space with the momentum number k is
in which a prime indicates the derivative with respect to the conformal time and the index ν is defined via
We present the exact solution of v k (τ ) in Eq. (22) for the form of c s given in Eq. (17) . However, before presenting the general solution for v k (τ ) let us pause and check whether or not the notion of propagating wave and the initial adiabatic mode is well-defined in our system when |s| is not small and c s (τ ) evolves rapidly. In order to have a well-defined propagating mode deep inside the horizon, we impose the WKB approximation in which |c
In this limit, one can neglect the second term in the big bracket in Eq. (22) and a WKB solution for modes propagating deep inside the horizon is applicable. The corresponding WKB solution is
Note that the only change compared to standard case in which one can neglect the evolution of c s is the appearance of the additional factor 1 − s in the denominator of the argument. As we discussed before, in order to have a decreasing function of comoving sound horizon, we require 1 − s > 0. Happily Eq. (22) can be solved analytically. The solution which matches the WKB solution for modes deep inside the horizon Eq. (25) is (26) in which H (1) µ (x) is the Hankel function of type one, x ≡ −c s (τ e )kτ and
We are interested in the power spectrum of the curvature perturbation R = cs √ 2ǫaM P v on super-horizon scales in which x → 0. Using the following formula for the small argument of Hankel function
the curvature perturbation on super-horizon scales is obtained to be
−|µ| (29) in which ǫ e and c se represents the value of the corresponding quantities at the end of nonattractor phase τ = τ e and Γ is the Gamma function. Correspondingly, the power spectrum at the end of non-attractor is obtained to be
in which k e ≡ a(τ e )H/c se represents the mode which leaves the sound horizon at the end of non-attractor phase and the amplitude A (COBE normalization) is
The spectral index n s from the power spectrum (30) is obtained to be n s − 1 = 3 − 2|µ|. Depending on the sign of µ we have
or
The branch represented by Eq. (32) reproduces the results in the known slow-roll limit, the K-inflation model [19, 35, 36] , in which |s|, |η| ≪ 1 and n s − 1 ≃ −η − s − 2ǫ . Note that we have already discarded ǫ in our analysis assuming that ǫ → 0 so the O(ǫ) discrepancy with the K-inflation results is expected. Furthermore, the branch represented by Eq. (33) is a generalization of the previously studied models of non-attractor with s = 0 [13, 14, 15] in which η ≃ −6 to get a nearly scale-invariant power spectrum. Note that the branch η ≃ −s represented by Eq. (32) is new which was not noticed in the previous model-based analysis of [13, 14, 15] . This demonstrates the power of EFT as a platform to study inflation model independently. We comment that the condition η = −s to obtain a scale-invariant power spectrum may be interpreted from the fact that P R ∝ 1/ǫc s . So, one may expect that a variation of c s (t) should be balanced by the variation of ǫ(t) such that the power spectrum remains scale invariant when η = −s. Equipped with the powerful EFT method we see that there are different options to get a nearly scale-invariant power spectrum with a mild red-tilted power, n s ≃ 0.96, depending on whether µ > 0 or µ < 0. Note that our starting assumption was that ǫ falls off rapidly so we choose the sign of η to be negative. As for s, as we discussed before, we only require s < 1 in order to get a decreasing function of comoving sound horizon during inflation so the sign of s is undetermined. A positive (negative) s indicates a growing (decaying) sound speed during inflation. In the case s > 0 the sound speed can cross unity and we enter the superluminal regime. In order for this not to happen, one concludes that the duration of the non-attractor phase to be finite, say few e-folds such that |sN e | < 1 in which N e represents the duration of non-attractor phase. On the other hand, if s < 0 then the sound speed falls off as inflation proceed. If c s becomes arbitrarily small, then one encounters the strong coupling regime limit with very large non-Gaussianity. Therefore, in order to avoid the strong coupling limit, we demand that the non-attractor phase terminates before c s becomes very small, say c s > 0.003 [3] . However, there is stronger upper bound on c s from the Planck's constrains on equilateral-type non-Gaussianity, requiring c s ≥ 0.02 [5] .
Having obtained the two possible branches to get a nearly scale-invariant power spectrum as give by Eqs. (32) and (33), it is instructive to look at the evolution of R on super-horizon scales. From Eq. (29), and noting that |µ| ≃ 3 2 to get a scale-invariant power spectrum, we obtainṘ
Interestingly, for the branch η = −s, the curvature perturbation is frozen on super-horizon scales. This is similar to the conventional models of single field slow-roll inflation. In addition, as discussed in [11, 21] , the constancy of R is the essential reason for the validity of the single field non-Gaussianity consistency condition. Therefore, in this branch we expect that the single field non-Gaussianity consistency condition to hold and f (sq) N L = O(ǫ). We verify this conclusion explicitly in next Section. On the other hand, for the branch η = −6 + 5s, we obtainṘ = 3(1 − s)HR on super-horizon scales. This is in agreement with the results obtained in the particular P (X, φ) model studied in [13, 14, 15] in which s = 0 andṘ = 3HR on super-horizon scales. As a result, since R is not frozen on super-horizon scales, we expect that the non-Gaussianity consistency condition to be violated in this branch as we shall see explicitly from our in-in analysis. Note that since s < 1 we conclude thatṘ > 0 and the curvature perturbations grows exponentially during the non-attractor phase in this branch. This indicates an instability so we have to terminate the non-attractor phase followed by an attractor phase [13] .
As mentioned above, the branch η = −6 + 5s is an extension of the previous non-attractor models based on P (X, φ) action as studied in [13, 14, 15] . Therefore, it is an interesting exercise to realize a specific model for the branch η = −s such as in P (X, φ) setup. In principle one could have discovered the branch η = −s from examples built in P (X, φ) setup. As experienced in [14] this requires careful inverse engineering. Having this said, we find it interesting that the new branch η = −s emerges naturally within the general context of EFT of inflation.
Bispectrum
Having studied the power spectrum and the criteria to obtain a nearly scale-invariant power spectrum, here we study the predictions of the general non-attractor models for non-Gaussianity. Here the discussions become more interesting. First, EFT provides a framework in which different inflationary models can be classified based on their predictions for the amplitude and the shape of non-Gaussianity. Second, the particular non-attractor models presented originally in [13, 14, 15] are the very few known examples of single field inflation which violate the non-Gaussianity consistency condition, for more discussions on non-Gaussianity consistency condition see [10, 11, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30] . Therefore, it is natural to ask if this violation of non-Gaussianity consistency condition is a generic feature of the non-attractor inflationary systems.
To calculate the bispectrum of R we have to take into account the non-linear relations between R and π given in Eq. (16) . More specifically, the bispectrum of R is related to the bispectrum of π via
The last term above involves convolution integrals, yielding
in which ′ indicates that we have absorbed the common factor (2π) 3 δ (3) (k 1 + k 2 + k 3 ). Now, using Eq. (34) to expressṘ in terms of R, the contribution in bispectrum from the non-linear relation between π and R is
Plugging Eq. (37) in Eq. (35), the relation between the bispectrum of π and R is
in which it is understood that all quantities are calculated at the time of end of non-attractor phase τ e . The power spectrum P R (k) at τ e is
To calculate the first term above, π(k 1 )π(k 2 )π(k 3 ) , we need the cubic action which is given in Eq. (15) . Specifically, using the standard in-in formalism [37, 8, 38 ] the bispectrum at the end of non-attractor phase is given by
in which c.c. stands for complex conjugation and L i represents either of the four Lagrangian terms in Eq. (15); namely
(41)
Since the details of the analysis and the shape of non-Gaussianity are distinctly different for the two allowed branches of scenarios η = −6 + 5s and η = −s, we study each branch separately.
4.1
The branch η = −s
In this case the wave function of R is given by
in which we have neglected the corrections at the order O(1 − n s ) in wave function and set µ = . This is justified since we are interested in generating f N L ∼ O(1) and can discard the sub-leading corrections to f N L at the order n s − 1 or ǫ.
Happily the in-in integrals can be performed analytically. We present the result term by term. For the contribution from L 1 we have
in which we have defined
The contribution from L 2 yields
We also have to include the contributions from the non-linear relation between π and R. Interestingly, in the current case in which η + s = 0, there is no contribution from the non-linear relation between π and R as can be seen from Eq. (37) . As a result, the total contribution to bispectrum is from L 1 and L 2 .
To simplify the analysis, it is useful to define
With these definition, the total bispectrum is
The above bispectrum has a non-trivial shape. However, from Eq. (34), we know that with η + s = 0, the curvature perturbation R is frozen on super-horizon scales. Therefore, the nonGaussianity consistency condition should be satisfied in the squeezed limit [10, 11] in which f sq N L ∝ (1 − n s ) → 0. Therefore, it is constructive to look at the shape of bispectrum Eq. (49) in the squeezed limit k 3 ≪ k 1 ≃ k 2 . In this limit K ≃ 2k 1 , P 2 ≃ k 
so the bispectrum vanishes in the squeezed limit, in agreement with the Maldacena's consistency condition. Note that we have neglected the gravitational back-reactions and also set n s = 1 in the bispectrum analysis so we can not recover O(ǫ) corrections in bispectrum in the squeezed limit. It is also instructive to look at the magnitude of non-Gaussianity in the equilateral limit k 1 = k 2 = k 3 . In this limit we obtain
A convenient way to parameterize the amplitude of non-Gaussianity is via the parameter f N L defined via
Using this definition, the non-Gaussianity parameter in the equilateral configuration f 
Knowing that s < 1 in order to have a decaying sound horizon during inflation, the above equation indicates that the amplitude of f eq N L is less than unity so it is consistent with observational constraints. Now let us look at the shape of bispectrum in general case. Following the convention of Chen [8] , the dimensionless shape function S(k 1 , k 2 , k 3 ) is defined by
The amplitude of the shape functions, |S|, given in Eq. (54). Left panel is for s = 0.9 so the term containing cos(2πs) dominates yielding a nearly equilateral shape. Right panel is for s = 0.3 and the shape is close to the folded shape. Our convention is that
Note the curious form of the numerical factors. As can be seen from our shape plots, the numerical factors in the second big bracket above are such that the bispectrum does not peak in the local shape. We note that the term containing cos(2πs) generates the equilateral shape while the terms in the second bracket generate the folded shape. Therefore, depending on the value of the parameter s, the shape of non-Gaussianity changes from the equilateral shape to folded shape. The equilateral shape dominates when | cos(2πs)| is large, i.e. when s ∼ 0 or s ∼ 1, while the folded shape dominates when cos(2πs) becomes small when s ∼ . This is similar to the phenomena observed in model of quasi single field inflation [32, 31] , see also [33, 34] , in which the shape function evolves from the equilateral shape to local shape depending on the mass of the semi-heavy iso-curvaton field. Finally, the amplitude of nonGaussianity is less than unity for both equilateral and folded shapes so the predictions of the model for non-Gaussianity are well-consistent with observational bounds. We stress again that the shape does not peak for local-type configuration which is supported from the fact that the non-Gaussianity consistency condition is satisfied in the squeezed limit as discussed in Eq. (50).
The branch η = −6 + 5s
Here we calculate the bispectrum for the case η = −6 + 5s. Only L 1 and L 3 yield non-zero contributions for in-in integrals and we have
in which c 3e represents the value of c 3 at the time τ = τ e . The contribution from the non-linear relation between π and R, R 3 π→R , from Eq. (37) is
Adding the contributions from R
π→R , the final bispectrum is obtained to be
in which the function F is defined via
From Eq. (58) we see that the bispectrum has the exact local shape and no other shapes are generated. Now let us calculate the non-Gaussianity parameter f N L in the squeezed limit k 3 ≪ k 1 ≃ k 2 . Using the general definition given in Eq. (52), f N L in the squeezed limit is obtained to be 12 5 
As an example consider the P (X, φ) model presented in [14] and [15] with s = δ 3 = 0 and η = −6. In this case we obtain
Furthermore, if we assume c 3 = − 3 2 + 1 2c 2 s which is valid in P (X, φ) model studied in [14] and [15] 
in exact agreement with the results of [14] and [15] . Finally, if we further assume c s = 1, as in model studied in [13] , then f N L = 5 2 which is well-consistent with the Planck constraints on the amplitude of local-type non-Gaussianity [5] .
Summary and Discussions
In this paper we have presented a model-independent study of non-attractor inflation in the context of EFT of inflation. The goal was to find the generic predictions of the nonattractor scenarios for the power spectrum and bispectrum. We believe that it is important to understand the general predictions of the non-attractor scenarios in a model-independent way. This is mainly because the non-attractor scenarios provide the very few examples in which the Maldacena's non-Gaussianity consistency condition for single field inflation is violated. As a result, a detection of local-type non-Gaussianity with f N L ∼ O(1) does not necessarily rule out all single field models of inflation. More precisely, it rules out all single field models of inflation which has reached the attractor phase.
We have studied a large class of non-attractor model in the context of EFT of inflation. Our only assumptions were that η and s do not evolve significantly during the non-attractor phase. These assumptions were imposed mainly to keep the analysis under analytical control. In principle one can go beyond these simplifications and allow the situations in which both η and s have significant evolution during the non-attractor phase. Having this said, the setup studied here in which |η|, |s| ∼ O(1) whileη,ṡ ∼ 0 represents large enough class of non-attractor scenarios.
We have obtained two branches of non-attractor scenarios which can generate a near scale-invariant power spectrum determined by η = −6 + 5s or η = −s. The first branch encompasses the previously known models of non-attractor scenarios in which s = 0 and η = −6 [13, 14, 15] . However, the branch η = −s is new which was not noticed previously. This demonstrates the power of EFT of inflation as a very helpful setup to study the paradigm of inflation model-independently.
We have studied the predictions of the above branches of non-attractor scenarios for the bispectrum. We have shown that the bispectrum in the new branch η = −s has a nontrivial shape. Depending on the value of the parameter s, the bispectrum can change from the equilateral shape dominated when | cos(2πs)| → 1, to folded shape dominated when cos(2πs) → 0. For both configurations, the amplitude of non-Gaussianity is less than unity which is consistent with the observational constraints. In addition, in this branch R is frozen on super-horizon scales and as a result the non-Gaussianity consistency condition is expected to hold in this branch. We have checked explicitly that this is indeed the case. On the other hand, for the branch η = −6 + 5s, only the local-type non-Gaussianity is generated. The curvature perturbation is not frozen on super-horizon scales and the non-Gaussianity consistency condition is violated as previously noticed in particular examples studied in [13, 14, 15] . Depending on the value of model parameters such as s, c se , δ and c 3e a large localtype non-Gaussianity is generated. Combined with the Planck's constraints on local-type non-Gaussianity this can be used to constrain the model parameters.
An interesting conclusion of this model-independent study was that not all single field non-attractor models can violate the non-Gaussianity consistency condition. Only in nonattractor models in which the curvature perturbation is not frozen on super-horizon scales the single field non-Gaussianity consistency condition is violated.
